= 9) were not injected. All treated animals except one gave a measurable antibody response, and all responding animals became anoestrous and displayed ovarian cysts after the first booster injection. There were no apparent differences between treatments, and so results for Groups A and B were pooled.
Introduction
The use of immunological techniques to increase prolificacy in sheep has been widely explored. Active immunization against oestrone, androstenedione and testosterone has been shown to increase ovulation and lambing rates (Scaramuzzi et al, 1977; Cox et al, 1982; Croker et al, 1982) .
However, immunization against oestradiol-17ß, and occasionally oestrone and testosterone, has been reported to result in a high incidence of blocked or delayed oestrous cycles Scaramuzzi et al, 1980) . Less successful attempts have been made to immunize cattle against steroids to induce twinning. Active immunization against oestradiol-17ß has been shown to disrupt or to have no effect on oestrous cycles (Martin et al, 1978 ; Wise & Schanbacher, 1983) , whilst increased ovulation and calving rates have been reported with immunization against androstenedione (Wise & Schanbacher, 1983) . To Jugular blood samples were taken by vacutainer 3 times weekly after the second booster injection for determina¬ tions of antibody titre and serum progesterone and basal luteinizing hormone (LH) concentrations. In addition, control animals were sampled, through jugular cannulae, every 10 min for 12 h for LH and follicle-stimulating hor¬ mone (FSH) profile determinations during the luteal and follicular phases of the oestrous cycle. Immunized animals which showed regular oestrous cycles were sampled as for the control heifers, and those which appeared to be anoestrous were sampled for one period of 8 h.
Observations for oestrus were made after the second booster injection, at least twice daily aided by an oestrus detection device (Kamar Inc., Steamboat Springs, Colorado, U.S.A.). Ovulation rate was determined after the second booster injection by counting fresh corpora lutea between Days 7 and 14 after oestrus at mid-ventral laparoscopy under general anaesthesia (Holland el al, 1981) . The presence of abnormal ovarian structures was also noted at laparoscopy.
To compare the endocrine effects of immunoneutralization of gonadal steroids to those of ovariectomy, 3 heifers ovariectomized 8 months previously were similarly cannulated, and blood was sampled every 10 min for 6 h.
Antibody characterization. Antibody titres were determined by the addition of 01 ml 1:50000 dilution of each antiserum to 0-1 ml phosphate-gelatin assay buffer (0-1 % swine gelatin in 0-05 M-phosphate-buftered saline, pH 7-5) with 01 ml of a [l,2,6,7-3H] testosterone solution in assay buffer (Amersham International, Amersham, Bucks; sp. act. 93 Ci/mmol; mean ( + s.e.m.) mass added per tube, 77-1 + 2-8 pg). The reaction mixture was incubated over¬ night at 4°C, then 1 ml dextran-charcoal suspension (Pharmacia U.K. Ltd, Milton Keynes, Bucks; 25 mg dextran T-70:250mg charcoal in 100 ml assay buffer) was added and all tubes were incubated for a further 30 min at 4°C before centrifugation at 2000 g for 20 min. The supernatant containing antiserum-bound testosterone was decanted into 3 ml Fisosorb 4 (Fisons Scientific Apparatus Ltd, Loughborough, Leics.), mixed and counted. The titre was expressed as the percentage of added label bound by the dilution of antiserum present. Two types of serum sample were utilized in this assay for quality control. The negative control sample consisted of serum samples from the nonimmunized control heifers, added at initial dilutions of 1:1000, 1:5000 and 1:10 000. The positive control sample consisted of a serum sample from a sheep previously immunized against testosterone, and was used at initial dilutions of 1:10 000 and 1:100 000. The inter-and intra-assay coefficients of variation, based on 5 control duplicates in each of 8 assays, were 130% and 5-5%, respectively.
The same procedure was adopted, with minor modifications, to assess the specificity (serum used at a dilution of 1:7000), and affinity (serum used at a dilution of 1:4000; unlabelled testosterone added to cover the range 5-250 pg/tube; 30-7 pg label added per tube) of the antisera.
Hormone assays. LH was measured by a direct radioimmunoassay using a solution of 0-01 M-sodium phosphate, pH 7-4, containing 0-15 M-sodium chloride, 0-1 % bovine serum albumin (Sigma) and 001 % thimerosal (Sigma) as the assay buffer. Bovine LH (USDA-bLH-Il) was radioiodinated by the chloramine-T method of Greenwood et al (1963 (Fig. 1) . The accuracy of the assay was assessed by adding known amounts of standard (015 to 0-75 ng/tube) to 300 µ serum from cows post partum; after adjustment for endogenous LH in the samples, the mean recovery figure was 95-3 + 7-6%. The sensitivity of the assay, defined as twice the standard deviation of blank values, was 007 ± 001 ng/tube over 6 assays. The inter-assay (6 assays) and intra-assay (20 duplicate samples) coefficients of variation were both 3-4% (control sera at 0-22 and 0-35 ng/tube).
FSH was measured by the direct radioimmunoassay of Webb et al (1980) with the following modifications. The assay buffer was that used in the LH assay. Ovine FSH (NIAMDD-oFSH-Il) was iodinated by the lactoperoxidase method of Thorrel & Johansson (1971) and the standard used was USDA-bFSH-Bl (biopotency of 1-7 NIH-FSHBl). The antiserum (M94; previously validated by McNeilly et al, 1976) was added at a dilution of 1:1500 in a 1:400 dilution of normal rabbit serum (Scottish Antibody Production Unit) in assay buffer. The bound and free fractions were separated by the addition of 100 µ of a 1:30 dilution of donkey anti-rabbit serum, in 1:10 diaminoethanetetraacetic acid disodium salt, followed by an overnight incubation at 4°C before the addition of 1 ml assay buffer and centrifugation at 2000 g for 30 min at 4°C. All samples were measured in one assay, with a sensitivity of 0-4 ng/tube, and intra-assay coefficient of variation of 2-2% (estimated over 20 unknown samples). Serum progesterone determi¬ nations were made using a radioimmunoassay routinely used in this laboratory (Webb, 1987) . Before assay, samples were extracted with petroleum ether plus 100 µ 01 M-hydrochloric acid to denature protein-steroid complexes. The extraction efficiency was approximately 70%, and the sensitivity of the assay was 0-12 ng/ml. The inter-and intraassay coefficients of variation over 4 assays were 14-5 and 15-8%, and 14-8 and 20-8%, respectively, for pooled serum samples containing 1-5 and 30 ng/ml.
Statistical analyses. Hormone data are presented as geometric means ± s.e.m. The pulsatile nature of LH release was characterized by one of two methods. Firstly, data which showed a low-frequency, high-amplitude pulse profile were analysed by the pulse programme of Webb et al (1985a) , and the results expressed as number of pulses/12 h. Secondly, data which showed a high frequency, low-amplitude pulse profile were analysed by a Genstat time series programme, and the results expressed at the time interval between pulses (min). The validity of applying these techniques to different situations has been discussed by McLeod & Craigon (1985) .
The affinities of the antisera raised against testosterone were calculated by the method of Scatchard (1949) after correction for non-specific binding (Chamness & McGuire, 1975 (Fig. 2) and a fluid volume of 7-5 ml. The antibody titre in this fluid, and follicular fluid from several other follicles, was similar to that in a serum sample also taken at slaughter (data not shown). The third heifer, No. 589, displayed 4 corpora lutea on one ovary and no cystic structures. This animal became anoestrous again, and laparoscopy revealed the 4 ovulations as corpora albicantia, plus one cyst but no fresh corpora lutea. Oestrus was not seen in this animal for a further 3 months, after which it was removed from the experiment because of injury. There was no correlation between antibody titre and oestrous activity at 25 weeks after boosting (see Table 1 ).
The remaining 4 immunized heifers showed sporadic signs of behavioural oestrus, but all were anovulatory and the ovaries were cystic. All control heifers continued to show regular oestrus; in a total of 62 laparoscopie observations, 8 indicated anovulation and two showed double ovulations.
Progesterone concentrations
Progesterone profiles were examined for a period of 6 weeks after the second booster injection. All anoestrous heifers showed very high concentrations which fluctuated irregularly, whilst control heifers showed regular cycles of progesterone secretion (Fig. 3) .
At about 25 weeks after the second booster injection, the progesterone profiles from the multiple ovulating heifers (Nos 558, 586 and 589) showed a marked cyclic activity, although peak concentrations were still abnormally high (16 ng/ml, Heifer 558; 30 ng/ml, Heifer 589); at this time no control heifer showed concentrations higher than 6-5 ng/ml. The 4 anoestrous, immunized heifers continued to exhibit irregular patterns of progesterone secretion.
Gonadotrophin concentrations
The mean basal LH concentrations in the serum of the immunized animals were significantly higher (P < 0001) than those of control heifers (101 ± 003 and 0-45 + 006 ng/ml, respectively) just before, and did not change in response to, the second booster injection (data not shown).
The data from the LH and FSH intensive sampling periods are summarized in Table 2 . Retrospective consideration of the progesterone data indicated that only one control heifer (No. 603) was in the follicular phase (see Schallenberger et al, 1984) and therefore is considered alone in Fig. 4 . The mean LH concentrations were different between cows of Group C in the luteal phase of the oestrous cycle and between the anoestrous, immunized heifers (P < 001), although the difference between these two groups was also significant (P < 005). There was no difference in mean LH concentrations between the anoestrous heifers and the follicular-phase control heifer (P > 005). The cyclic, immunized heifer (No. 558) displayed similar mean luteal-phase and mean follicularphase LH concentrations, but these were significantly lower than those of control heifers in the luteal and follicular phases (P < 001). The mean LH pulse frequency in the anoestrous, immunized heifers was higher than that in the luteal-phase control animals, but not different from that of the ovariectomized heifers (P > 0-05). The mean LH concentration of the anoestrous heifers was significantly lower than that of the ovariectomized heifers (P < 005). Since time series analysis does not identify individual pulses, the pulse amplitudes could not be analysed, and therefore are not included in Table 2 .
The mean FSH concentrations of the anoestrous, immunized heifers were significantly different between cows, and significantly lower than those of the controls (P < 0-05; Table 2 ). The immunized, cyclic heifer displayed a significantly lower mean FSH concentration in the follicular than the luteal phase (P < 005); there was no such difference overall between the control heifers, although the difference between phases within cows (P < 005) was different between cows (P < 005).
Anoestrous immunized heifers
The 4 remaining anoestrous heifers were allowed to remain undisturbed to establish whether falling antibody titres would lead to the resumption of oestrous cycles and an increased ovulation rate, as seen with Heifers 558, 586 and 589. However, ovulation was not observed by 40 weeks after the second booster (for antibody titre, see Table 1 ), and so it was decided to stimulate ovarian activity using an hormonal regimen designed for the treatment of dairy cows with polycystic ovaries (Kesler et al, 1978) . Each heifer was given a bolus intramuscular injection of a synthetic gonadotrophin-releasing hormone (GnRH; 0-5 mg in 5 ml; Fertagyl, Intervet, Cambridge, U.K.) followed 9 days later by a luteolytic dose of PGF-2a (2 ml Estrumate; ICI, Macclesfield, Cheshire). Animals were blood sampled at 0, 1, 2, 3 and 6 h after GnRH for LH surge detection, and 3 times weekly thereafter for 4 weeks for progesterone determinations. Observations for oestrus were continued for 2 months after the GnRH treatment. All heifers responded to the GnRH by releasing a surge of LH which peaked at 23-7 ± 2-4 ng/ml after 2 h and fell to pretreatment concentrations within 6 h. The rapid decline in progesterone seen in 3 of the 4 heifers as a result of the prostaglan¬ din treatment (Fig. 5) (Hillier et al, 1975 ) and sheep (Scaramuzzi et al, 1981) . Anoestrus and the subsequent onset of oestrous activity and multiple ovulations may be related to antibody titre Antibody titre per se may not fully account for the duration of anoestrus seen in the current study, as the antibody titre levels for most of the animals were significantly lower 40 weeks after immunization than they were at 10 weeks (Table 1) . Another factor may have been the presence of ovarian cysts, which can lead to long-term anoestrus and anovulation (see Seguin, 1980) ; GnRH and PGF-2a administration caused the resumption of ovulation in at least one anoestrous heifer out of 4, and caused consecutive displays of oestrus in another. Overstimulation of the ovaries by gonadotrophins has been implicated in the formation of cysts in cattle (Erb et al, 1971 ) and women (Mahesh & Greenblatt, 1961 (Beck et al, 1976; Beck & Convey, 1977; Ireland & Roche, 1982; Butler et al, 1983 ), but not testosterone (Thompson et al, 1984) ; the testosterone antibodies in the present study could therefore be acting to decrease negative feedback by cross-reacting with and neutralizing circulating oestradiol and progesterone in vivo or reducing oestradiol production at the ovarian level (Baird, 1977) . The elevated LH secretion in the anoestrous, immunized heifers in the presence of high progesterone concentrations (Fig. 4 and Table 2 ) suggests at least partial neutralization of circulating progesterone.
Complete removal of ovarian feedback upon the hypothalamus/pituitary gland by ovariectomy is known to raise LH and FSH mean concentrations and LH pulse frequency in cattle (Hobson & Hansel, 1972; Short et al, 1973; Forrest et al, 1980; Schallenberger & Peterson, 1982 Martin, 1984) ; neither of these can be ruled out in the present study. The pulse interval of the follicular-phase control heifer in the present study compares well with the estimates of Schallenberger et al (1984) . Similar effects on gonadotrophin secretion have also been reported for sheep actively and passively immunized against testosterone Pathiraja, 1982; Pathiraja et al, 1984) .
Testosterone antibodies within the follicle may influence gonadotrophin secretion and ovarian activity by directly reducing ovarian output of oestradiol and/or inhibin. Testosterone can act in concert with FSH to stimulate granulosa cell aromatase activity as well as acting as a substrate (Daniel & Armstrong, 1980) , and the administration of anti-testosterone serum into the ovarian artery has been shown to decrease ovarian oestradiol output in sheep (Baird, 1977) . Testosterone has also been shown to stimulate ovarian inhibin production (Henderson & Franchimont, 1983) , and inhibin can decrease both serum FSH and ovarian activity in sheep and cattle (Miller et al, 1979; Ireland et al, 1983) . Inhibin secretion is also stimulated by FSH (Tsonis et al, 1986 
